Abstract Although it is often assumed that drinking alcohol interferes with condom use, most studies on this topic do not meet the conditions required for causal interpretation. We examined the association of drinking to condom use using data from diaries of alcohol use and sexual encounters, collected over 8 weeks from college students and clients of a sexually transmitted disease clinic. This method establishes the temporal relationships between drinking and condom use and controls for individual differences by using a within-subjects analysis. Multilevel models that predicted condom use from alcohol use before the sexual encounter, partner type, and the use of other contraception showed that drinking before sex was unrelated to condom use. These results do not support the persistent notion that alcohol causes people to engage in sexual risk that they would avoid when sober; instead, people tend to follow their usual pattern of condom use, regardless of alcohol use.
Introduction
Conventional wisdom has long told of an association of alcohol and sexual activity, based on a widely held belief that drinking makes people do things sexually that they might not otherwise do. In the context of epidemics of HIV and other sexually transmitted diseases (STDs), a potential link between drinking and sex assumes great importance, and it is often assumed that using alcohol in conjunction with sexual activity increases the probability that risky behaviors will occur (U.S. National Institute on Alcohol Abuse and Alcoholism, 1990; U.S. National Institute on Alcohol Abuse and Alcoholism, 2002) . The explosion of research on this topic has spurred several literature reviews noting the inconsistency of study findings (Bolton, Vincke, Mak, & Dennehy, 1992; Dingle & Oei, 1997; Donovan & McEwan, 1995; Halpern-Felsher, Millstein, & Ellen, 1996; Leigh & Stall, 1993; Rhodes & Stimson, 1994) .
A full understanding of any link between drinking and unsafe sex depends on the use of appropriate methods. Establishing a causal association between drinking and sex requires at least two conditions: alcohol use must precede sexual activity, and confounding variables must be controlled. Most methods for studying the association of alcohol use and highrisk sex do not meet these conditions. Studies that correlate measures of overall substance use and risky sexual behavior do not control for confounding personality variables such as impulsivity or sensationseeking that may drive both behaviors, nor do they establish that the alcohol use and the risky sex occurred on the same occasion. Some studies ensure this temporal contiguity by using a ''critical incident'' technique in which respondents are asked about alcohol or drug use and risky sexual activities in these events (Leigh, 2002; Weinhardt & Carey, 2000) ; however, this method does not eliminate the possibility of confounding personality characteristics (Cooper, Skinner, & George, 1990) . Moreover, studying only a single sexual encounter per person might not capture the usual behavioral pattern of individual respondents if the sexual encounter chosen to report on does not represent their usual behavior.
One way to approach meeting these conditions is to collect information about more than one sexual encounter by studying daily events. Diaries or daily logs have been used to gather reports of many health-related behaviors (Sudman & Lannom, 1980; Verbrugge, 1980) , including alcohol consumption (see also Leigh, 2000 for review) and sexual behavior (Fortenberry, Orr, Zimet, & Blythe, 1997b; Macaluso, Demand, Artz, & Hook III, 2000) . For the purposes of studying the link between alcohol use and sexual activity, such a method has four major features. First, by asking participants to note the time that drinking incidents and sexual encounters began and ended, the temporal relationships of alcohol consumption and sexual behaviors can be determined. Second, sexual encounters with and without substance use can be compared within the same person, using within-subjects or matched-pair analyses, thus holding individual differences constant. Third, because participants record events on the day they occur, a diary method can reduce some of the memory difficulties inherent in retrospective interviews, such as forgetting, ''telescoping'' (Armstrong, White, & Saracci, 1992; Feinberg & Tanur, 1983) , and the tendency to reconstruct events in a manner consistent with current attitudes and knowledge (Bartlett, 1932; Ross, 1989) . Finally, if implemented for a sufficiently long period, a diary method can capture variations in drinking and sexual behavior across situations and partners.
Several published studies have examined the link between drinking and risky sex using a diary method. In two of these studies, repeated measures (withinsubjects) analysis of variance revealed that drinking within four hours before sex did not affect the use of coitus-dependent contraceptives among women in stable relationships (Harvey & Beckman, 1986) or condom use among young adults (Leigh, 1993) . Two other studies in which data were analyzed with generalized estimating equations (GEE) reported that drinking before sex was unrelated to condom use among college students (de Visser & Smith, 2001a; de Visser & Smith, 2001b ) and among female adolescents at an STD clinic (Fortenberry, Orr, Katz, Brizendine, & Blythe, 1997) . Using random-effects logistic modeling, studies of adolescents (Bailey, Gao, & Clark, 2006; Morrison et al., 2003) and men who have sex with men (Gillmore et al., 2002) reported no relationship of drinking before sex to condom use.
In the present study, 1 we used daily reports to examine the association of drinking to condom use in two samples of young adults from a university campus and an STD clinic. Previous reports from our research group summarized findings from two other cohorts of this study: adolescents (Morrison et al., 2003) and men who have sex with men (Gillmore et al., 2002) . The study was designed to examine the role of alcohol in conjunction with the type of relationship that the sexual partners share. Alcohol is a symbol of courtship, and as such is more prevalent in sexual encounters with new or casual partners (Cooper, Peirce, & Huselid, 1994; Cooper & Orcutt, 2000; Graves & Leigh, 1995; Temple, Leigh, & Schafer, 1993) . Some findings suggest that drinking is related to risky sex for casual sexual partners and not primary partners (Fortenberry et al., 1997; Seage et al., 1998) , or that alcohol may affect sexual activity only at certain points in a relationship (Halpern-Felsher et al., 1996) . In addition, we investigate gender differences in the association of alcohol and unprotected sex.
Method

Participants
University Sample
Recruitment letters were sent to 6,580 undergraduate students aged 18-23, randomly selected from registration records at a large university in the Pacific Northwest. The letters invited the students to participate in a study of health habits, including alcohol use and sexual activity. The 1125 students who responded to the letter were screened for eligibility (see below for criteria); 191 students met the criteria for study eligibility and agreed to participate; 178 of these entered the study.
Clinic Sample
Recruitment fliers were placed in the restrooms and waiting rooms of several public health clinics treating people with STDs. The posted fliers included tear-off coupons containing local and toll free telephone numbers for potential participants to call. To supplement this passive procedure in the largest clinic, a member of the project staff was located in a private area near the clinic to tell potential participants about the project and be available to answer questions. Interested clients were given the option of calling the project to be screened or giving our staff member her/ his name and phone number to be called by one of our interviewers for screening. 193 clinic clients entered the study.
Eligibility Criteria
Potential participants were screened by telephone and considered eligible if they were unmarried, not in a steady monogamous relationship of longer than 6 months duration, had sex on at least four occasions in the last 2 months, had drunk alcohol on at least four occasions in the past 2 months, had sex after drinking alcohol at least once in the last 2 months, and had used a condom at least once in the last year (but did not always use condoms). These conditions were imposed to ensure sufficient within-subject variability in alcohol consumption and condom use for the analyses.
Procedure
Participants were randomly assigned to either a written diary condition or a telephone interview condition. They were told that the study was designed to examine daily patterns of a variety of health-related behaviors. Participants in both conditions were sent initial questionnaires (entry surveys) to complete and return before daily data collection began. Daily data were then collected for 8 weeks (56 consecutive days). In the written diary condition, participants were mailed packets each week that contained 7 days worth of diaries, seven self-addressed stamped envelopes with which to return each day's completed diaries, and instructions. Participants in this condition were instructed to fill out the diaries at the same time each day, and to mail in the completed diary every day. Interviewers telephoned them weekly to offer encouragement, answer questions, and remind them to mail back each day's survey. In the telephone condition, trained interviewers telephoned participants daily. Participants were mailed copies of the daily survey form to follow as the interviewer asked the questions. At the conclusion of each interview, an appointment was made for the next day's call.
After the 8 weeks of daily data collection, participants in both conditions were mailed a brief questionnaire (exit survey) to complete and return. Participants were paid $15 for the entry survey, $2 for each daily report, a $3 bonus for each week with no missing days, and $10 for the exit survey.
Measures
The daily survey (identical in the telephone and written conditions) included questions on smoking, diet, dental care, exercise, seatbelt use, sleeping patterns, drug and alcohol use, and sexual behaviors. On the first day of daily data collection, participants reported on their activities in the past 24 h. Each day thereafter, respondents were asked ''Since you filled out this form [talked with us] yesterday, did you ... ''. To reduce demand characteristics, questions on alcohol consumption, drug use, and sexual behavior were separated by other items. Once participants became accustomed to the questions and their flow, it typically took no more than about 5 min to respond to all the questions each day.
Sexual Behavior
Up to three sexual encounters could be reported each day. Participants who reported sexual activity indicated the time that the encounter began, the type of sexual activity (vaginal, oral, or anal) , the gender of the sexual partner, whether it was the first sexual experience with this partner, type of partner (steady, casual, paid/paying), whether a condom was used, whether another method was used for disease prevention or birth control (hormonal methods, barrier or spermicide methods, or other), whether the partner was drinking or using drugs before sex, whether the participant was at a party or bar with the partner prior to having sex, whether the encounter was expected, and the initials of the sexual partner. A ''casual'' partner was defined as ''a partner you have had sex with once or only a few times and don't know very well; someone with whom you have no ongoing relationship.'' ''Steady'' partner was defined as ''a partner you have had sex with and with whom you have an ongoing relationship.''
Alcohol Consumption
Up to three drinking occasions could be reported each day. Participants who reported drinking indicated the number of drinks consumed, the time that drinking began and ended, how long the effects of the alcohol were felt, where drinking occurred (bar, party, home, friend's place, other), and with whom they were drinking (alone, with friends/acquaintances, sexual partner, or other).
Data Analysis
Drinking episodes were matched with sexual encounters if drinking occurred within 4 h before sexual activity started (Harvey & Beckman, 1986; Leigh, 1993) . The amount of alcohol consumed in each drinking episode was calculated by converting the amounts of beer, wine, and liquor consumed to standard drinks and summing across beverages (one standard drink = one can or bottle of beer [12 ounces], one glass of wine [4 ounces], or one ounce of spirits).
We used multilevel modeling (Affleck, Zautra, Tennen, & Armeli, 1999; Kreft, & DeLeeuw, 1998; Snijders & Bosker, 1999) to construct a random-effects regression model to predict the probability of condom use in sexual encounters from both event-based and person-based variables. Random-effects regression models provide several advantages over alternative techniques for analyzing data in which multiple measurements are collected from each person (Hedeker & Mermelstein, 1996; Schwartz & Stone, 1998) . These models do not assume that participants are measured at the same time points or at the same number of time points, can model both timevarying and invariant factors, and adjust for the intraclass correlation that arises when repeated events nested within persons are analyzed. Perhaps most importantly for the purposes of our study, this type of model can estimate subject-specific effects; that is, we can model individual change for each participant (Hu, Goldberg, Hedeker, Flay, & Pentz, 1998) .
Results
Three hundred and twelve participants (159 women, 153 men) reported having had intercourse at least one time during the daily diary period; a total of 4,556 events were reported. 165 participants completed all 56 days of reporting, and 80% had fewer than 10 missing days. The mean number of missing days was 8.0 for the STD clinic sample and 6.0 for the university sample (F(1,365)=2.14; ns), and was 7.0 for the written diary condition and 5.0 for the telephone condition (F(1,365)=2.25, ns). Table 1 presents information on sociodemographic characteristics, sexual experience, and alcohol use for these sample members.
Number of occasions of sexual intercourse reported for the 8 weeks ranged from 1 to 85 per participant (mean = 13.2, SD = 12.0, median = 10). Of all the occasions reported, 40% were condom-protected; 24% were preceded by alcohol use; 83% took place with a steady sexual partner; and 17% took place with a casual partner. Preliminary analyses indicated that although alcohol use was reported on somewhat more days in the interview relative to the diary condition, there were no significant differences between methods of data collection in the number of days on which sex occurred, condom use, the amount of alcohol consumed or the number of days on which drugs were used. Therefore, we combined data from both conditions for the analyses.
Drinking and Condom Use
We calculated the proportion of times that condoms were used for vaginal intercourse (1) when intercourse was preceded by alcohol use and (2) when intercourse was not preceded by alcohol use for each participant who had at least one occasion of intercourse in both situations (n = 224). These proportions are presented in Table 2 by gender and type of partner (steady or casual). (Note that the number of subjects available for the analysis of casual partners in particular was small because it included only those who had sex with casual partners both with and without drinking.) Paired t-tests comparing these proportions within subjects showed no tendency for drinking to reduce condom use. In fact, there was a trend toward more condom use in sexual encounters preceded by drinking in encounters with casual partners. Figure 1 presents a frequency distribution of drinking-related differences in condom use for the 224 respondents (103 men, 121 women) who reported at least one occasion of sex after drinking and at least one occasion of sex that did not follow drinking. These differences represent the proportion of times condoms were used with sex that occurred after drinking minus the proportion of times that condoms were used with sex that occurred when the respondent had not been drinking. This figure highlights the individual consistency of condom use (or non-use) among this sample, regardless of drinking. Most respondents used condoms equally often on both types of occasions (difference = 0); among respondents whose condom use did vary by alcohol consumption, most had a difference of less than ±.25.
To perform more detailed analysis with both personlevel and event-level variables, we constructed a multilevel model to predict the probability of condom use, using a random-effects logit model. In this model, sexual occasions constitute event-level observations, and are nested within individuals. We first analyzed a simple model in which condom use was predicted from drinking before sex (an event-level variable; coded yes/ no). The odds of condom use were not significantly different for drinking versus non-drinking events (Odds ratio [OR] = 1.19, 95% confidence interval [CI] .93, 1.54). Estimating this model separately by gender revealed that drinking was not significantly related to condom use for men (OR = 1.35, 95% CI .92, 2.0) or for women (OR = 1.10, 95% CI = .79, 1.52). Similar results were obtained when condom use was predicted from number of drinks consumed (men: OR = 1.05, 95% CI .99, 1.12; women: OR 1.17, 95% CI = 1.08, 1.27).
Finally, we specified a model that included additional individual and situational variables that might affect the association of drinking to condom use. Because drinking is more common with casual sexual partners, and condoms are used more often with casual partners, drinking might be associated with an increase in condom use when partner type and other factors are not controlled. A second multilevel model was estimated that included drinking before sex, partner type (casual or steady), use of other contraceptives, and whether the encounter was the first time the participant had sex with that partner, with age and sample included as control variables. To investigate whether drinking was associated with condom use differently for steady and casual partners, we included an interaction term of Drink X Partner Type. In this model (see Table 3 ), condom use was more likely with casual and first-time partners, and was less likely when other contraceptive methods were used at the time of intercourse. In women, a significant interaction of drinking and partner type indicated that although drinking was unrelated to condom use with steady partners, women who drank before sex with casual partners were more likely than non-drinking women to use condoms (predicted probabilities of condom use: for steady partners, non-drinkers .22, drinkers .24; for casual partners, non-drinkers .29, drinkers .51).
2
Discussion
In this study, we investigated the character of the much-discussed association between intoxication and risky sexual behaviors, using a within-person analysis that approximates the causal assumptions that are implicit in much research on this topic. HIV-and STDprevention promotion campaigns often implicitly assume a causal relationship of drinking and risky sex at the event level: that drinking causes people to behave less cautiously than they do when they are sober. Among the young adults in this study, however, we found no overall association of event-level drinking and condom use. This finding is consistent with those of other event-based, within-subject studies (Fortenberry et al., 1997; Harvey & Beckman, 1986; Leigh, 1993) and supports the suggestion that the links that have been established in other published work may be artifacts of confounding with individual differences. The participants in this study were mostly consistent in their sexual behavior; that is, they either used condoms or they didn't, regardless of alcohol use. To illustrate, consider the transitions across sexual encounters: for each event, 90% of those who did not use a condom in an event also did not use a condom in the next event, and 84% of those who used a condom in an event also used a condom in the next event. This pattern echoes More condom use after drinking Fig. 1 Within-subject differences in condom use in sexual encounters preceded by drinking and not preceded by drinking. Note: n = 224; the remaining 88 participants are not included because they had sex only after drinking (n = 18) or only when sober (n = 70) Fortenberry's (Fortenberry et al., 1997) suggestion that general patterns of sexual behavior are followed in most sexual encounters, whether drinking or not. Our finding that drinking was associated with increased condom use with casual partners among women echoes a tendency found in a similar diary study (Leigh, 1993) . This pattern may have resulted from residual confounding of drinking with partner type. That is, because drinking is more common with casual partners (Cooper & Orcutt, 2000; Temple et al., 1993; Temple & Leigh, 1992) and condoms are used more often with casual partners (Baker, Morrison, Gillmore, & Schock, 1995; Civic, 1999; de Visser, Smith, Rissel, Richters, & Grulich, 2003) , drinking is associated with increased condom use. Although we distinguished casual partners from steady partners in the analysis, casual partners might vary in their casualness, from one-night stands to not-quite-steady partners. Therefore, the high levels of condom use among drinkers with casual partners might represent encounters with partners at the most casual end of the spectrum. The appearance of this pattern only among women may have resulted from women's tendency to label a sexual partner as ''steady'' earlier in a relationship; women's ''casual'' partners would then tend to be the most casual partners, with whom both drinking and condom use would be more likely to occur.
Our analysis revealed two characteristics that strongly predicted condom use: partner type and the use of other birth control methods. As in other studies that examined the role of partner type Civic, 1999; de Visser et al., 2003) , condoms were used more often with casual partners than with regular sexual partners. This population may have heeded public health warnings to use caution with partners they don't know well, or may find it more awkward or insulting to suggest condom use with steady partners, given the intimacy concerns of a committed relationship (Morrison, Baker, & Gillmore, 1998; .
Alternatively, condoms may be used more with casual partners simply because oral contraceptives, which accounted for almost all instances of contraceptive protection in this study, are more likely to be used by women with regular or romantic sexual partners (Ford, Sohn, & Lepkowski, 2001; Morrison, 1985) . Women may feel that hormonal methods are less appropriate if they are having sex only occasionally or they may not have planned ahead for a casual encounter. Participants may use condoms with casual partners not because they perceive increased risk of disease transmission but, at least in part, to prevent pregnancy on occasions when they are not protected by other methods. Note that the negative association between contraceptive use and condom use in our findings suggests that condoms were used primarily for contraception rather than for disease prevention, despite the high visibility of campaigns promoting condom use for STD prevention (Civic, 2000) .
The limitations of this study include the focus on the effects of a single drug (alcohol) and on drinking by only one of the sexual partners. Illicit substances were used by too few of the participants to enable any analysis, and drinking by the sexual partners was so highly correlated that it was impossible to disentangle the participant's drinking from the partner's drinking in the analyses. Our screening criteria excluded people who never or always drank when they had sex, since there was no way to evaluate the effect of intoxication on their condom use with within-subject analyses. We also excluded people who always or never used condoms, for the same reason. However, members of the sample, who have sex with drinking and have sex with casual partners, are representative of the people who are the targets of the ''high = high risk'' condom promotion campaigns, and are therefore an appropriate group in which to study a putative link between drinking and risky sex.
A second limitation lies in the nature of self-report: although daily diaries are assumed to be more accurate than alternative retrospective measures, they may still be subject to errors, biases, and falsification, as are all methods involving self-reports. Reviews of measurement of HIV-relevant sexual behavior conclude that behavioral reports of sensitive sexual behaviors can be valid when proper procedures are followed (Fishbein & Pequegnat, 2000) . Reporting on such behaviors on the same day they occur leads to more reliable measurement than longer retrospective periods (Stone, Kessler, & Haythornthwaite, 1991) .
In summary, when analyzing event-level data with within-subjects methods, we found no evidence that drinking before sex decreases condom use. The consistency of our findings with those of similar studies in different populations (Bailey et al., 2006; de Visser & Smith, 2001a; de Visser & Smith, 2001b; Fortenberry et al., 1997; Harvey & Beckman, 1986; Leigh, 1993) gives us more confidence that our results are not unique to our samples of young adults. These results do not support the persistent notion that alcohol causes people to engage in sexual risk that they would avoid when sober; instead, people tend to follow their usual pattern of condom use, regardless of alcohol use (Fortenberry, 1998) .
